A power optimized space-time code is presented for reliable delivery of layer coded multimedia data through wireless channels. Appropriate power control further improves the performance of space time coding. By allocating transmitted power according to the layer perceptual importance, unequal error protection is achieved. Numerical example shows that the proposed algorithm achieves 6dB PSNR improvement compared to that with equal power distribution in low SNR range.
INTRODUCTION
The effect of multipath fading in wireless channel can be substantially reduced through the use of diversity techniques. By using multiple antennas at the receiver, multiple copies of the transmitted data are received so that the outrage probability can be reduced. This is referred to as receive diversity. However, receive diversity can be expensive or impractical when the receiver is a small hand-held unit. In such case, transmit diversity which uses multiple transmit antennas at the transmitter becomes more effective. Many researchers have studied transmit diversity. Linear transform is used at the transmitter to spread the information across the antennas [l] . The transmit diversity gain with ideal MLSE and an arbitrary number of antennas is compared with receive diversity in [2]. A Linear antenna precoding proposed in [3] can transform a nonselective Rayleigh fading channel into a non-fading, simple, marginally Gaussian noise channel, without intersymbo1 interference, given a sufficient number of transmit antennas.
Recently, the space-time code which is a joint design of coding, modulation, transmit and receive diversity, has been developed for high data rate wireless communications [4] . Input data is encoded by a channel code and then splitted into multiple streams, transmitted simultaneously. At each receive antenna, the received signal is a superposition of the transmitted Multimedia wireless service requires the transmission of multimedia data over wireless channels. The input data is represented in terms of a number of layers, each resulting in a distinct data stream, which represents different perceptually relevant components of source material. The different layers may have distinctly different tolerances to channel errors and the corresponding data streams can then be handled differently by the transmitter. Unequal error protection shows significant performance improvement over equal error protection[7, 81. Current diversity techniques are all developed for data transmission where the input data are of equal importance, therefore providing only equal error protection. In this paper, we intend to realize unequal error protection by combining power control and transmit diversity techniques. We propose a power optimized space-time code which assigns the transmitted power at each antenna according to the layer to be transmitted.
SPACE-TIME CODING
Space-time coding with N transmit antennas and A4 receiver antennas are shown in Figure 1 . At time n, the input data s(n) is encoded as N code symbols
Assuming that ti(n) is normal- 
where Hi,j(n) is the channel gain at time n, corresponding t o the i-th transmit antenna and the j-th receive antenna, and wj (n) denotes the additive complex white Gaussian noise. It is assumed that Hi,j(n) and Hp,q(n) are independent for i # p and j # q. The matrix form of (1) is given by
with received signal vector R(n) = [ r l ( n ) , r z ( n ) ,
representing the channel gain from the N transmit antennas to the M receive antennas. In [4], the average pairwise error probability has the form of (3) where (XI, Az, ..., A, ) and T are the nonzero eigenvalues and rank of the matrix C;=,(T, -fn)(Tn -pn)H, respectively.
POWER OPTIMIZATION TO MINIMIZE DISTORTION
From (3), the error probability is a monotonic function of transmitted power. Therefore, unequal error protection can be achieved by varying the transmitted power during each layer transmission, as shown in Figure 2 .
The goal of optimization is to minimize the overall distortion under the power constraint. The distortion is defined as the mean square error between the transmitted and received data. Assuming the orthogonality where wk denotes the average distortion caused by a bit error at layer k , Pe(Ek) is the bit error probability if transmitted using power Ek, and Lk is the number of symbol of layer k to be transmitted. If using space-time code, and transmitting the layers consecutively,
where $k is the min{(n;==, A i ) -M } of all the possible symbol sequences of layer k , and rk is the minimum of all the T of subband k. If the same space-time code is applied, it is fair to assume that all layers have the same 4 and T . Therefore, (4) is equivalent to minimize
Using LaGrange multiplier, we get
POWER OPTIMIZATION FOR GIVEN QOS REQUIREMENT
Typical multimedia data stream include video, image, audio, speech or the integrated service which contains two or more different data streams. Those streams have different quality of service(QoS) in terms of bit error rate(BER), as well as different data rate. For some applications, the customers can select the &OS of the layers and such information is available at the transmitter before the transmission. Therefore, the goal becomes t o achieve the predefined QoS requirement while using the minimum amount of channel resources. Such consideration would help to increase the number of users that the system can support. We define the QoS of layer k in terms of BER of layer k as Pek. Due to the difficulty in computing the $k of the bit error probability (5), we define a factor P where Pek = &k . P, k = l...K.
We consider the problem of achieving the BER distribution of Pek = &k . P and minimizing P . Here &k can be deemed as a measurement of importance, large Qk leads to low importance. The goal is then ./ Voice E-mail Min P where
where Lk is the data rate of stream IC.
The requirement Pek = Qk . P, IC = l...K leads to 10K bits/s 1 64K bits/s It is easy to find that the optimal solution to (8) is which proves that large Qk leads to small Ek and then higher Pek.
POWER OPTIMIZATION FOR BLOCK SPACE-TIME CODE
Considering the decoding -complexity of the spacetime trellis coding, a simple yet powerful transmission scheme using two transmit antennas was developed in [5], and later was generalized to an arbitrary number of transmit antennas in [SI. These codes have a very simple maximum likelihood decoding algorithm based only on linear processing at the receiver, and are able to achieve the full diversity promised by the transmit and receive antennas. To deliver layer coded data using such codes, the power optimization can also be applied to further improve the performance. For 4-PSK modulation, the full diversity using L transmit antennas and one receive antennas yields a BER
(11) where E/No is the SNR at each transmit antenna. Similarly to (4), the power distribution can be derived by using LaGrange multiplier.
SIMULATION RESULT
Subband coded image is a typical example of layer coded multimedia data. After subband decomposition, the subbands are vector quantized(VQ) and the indices are fixed length coded to achieve more robustness.
Each coded subband is recognized as a layer and the weight factor associated is computed. We compare the power optimized system with the conventional system with equal power. The system has multiple transmit antennas and one receive antennas. 4-PSK 8 states space-time code similar to [4] is employed. We assume flat Rayleigh fading with 40 and 180Hz maximum Doppler frequency. Figure 3 plots the received PSNR vs. averaged channel SNR (%)using subband coded image "Lena" at O.5bpp using two transmitted antennas. As can be seen, the proposed algorithm achieves as much as 6dB PSNR improvement for low SNR such as lOdB range. Image results at 16 and 18dB SNR are shown in Figure 6 and 7. The performance using four transmit antennas and rate half space-time block code is illustrated at Figure 4 where as much as 4dB PSNR improvement is achieved.
The proposed power optimized space-time code can be applied to transmit the integrated service, as to reduce the power consumption while maintaining the QoS requirement. We assume three services: video, speech and email, each with different data rate and QoS requirement as well as the Qk, shown in Table   1 . The BER performances are illustrated in Figure 5 . As can be seen, 29.5dB SNR can achieve the required low6, BER distribution. And 24dB SNR yields lo-'. 
CONCLUSION
We propose a power optimized space-time coding scheme for layer coded multimedia data transmission over wireless channels. Unequal error protection is achieved by allocating transmitted power according to the layer's perceptual importance. We discuss the power optimization for different space-time codes and for different performance requirement. Simulation results show 1-6dB PSNR improvement over equal power system for 10-22dB average channel SNR.
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